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I'rymnesium parvum is a phytoflagellate (Chrysomonadina) toxic to fish (Otterstrom and Steemann-Nielsen, 1939;  Reich and Aschner, 1947) . Partial purification of the toxin has pointed to the existence of two separate factors, viz. hemolysin and ichthyotoxin (Jariv, 1955) . In many cultures, hemolytic activity exceeded ichthyotoxic activity, the latter being absent sometimes completely (Jariv and Hestrini, 1961) . Cofac-tors such as Ca++, Mg++, or streptomycin are required for ichthyotoxic effects (Jariv, 1955 (Jariv, , 1958 . Conditions of culturing were studied thoroughly to increase the yield of toxin (Shilo and Aschner, 1953; Reich and Rotberg, 1958; McLoughlin, 19%58; Shilo and Rosenberger, 1960) . The effect of light was found to be of special importance, as cultures grown under constant illumination did not show any ichthyotoxic activity. On the other hand, by alternating periods of light and darkness, a good yield of toxin could be secured. Similarly, cultures grown under steady irradiation, but subsequently kept in darkness for 8 hr, did develop ichthyotoxic activity. The latter, however, disappeared gradually, once the cultures wAere re-exposed to light (Reich and Parnas, 1962) .
The presenit paper deals with the effect of light on the extracellular as well as on the purified, in-tracellular toxin. We have determined the spectral range within which inactivation of the ichthyotoxin occurs, the influence of various factors on the photochemical process, and, finally, the changes in the absorption spectrum of purified ichthyotoxin during irradiation.
I Part of a Ph.). thesis, submitted to the Faculty of Science, The Hebrew University, Jerusalem, 1962.
MATERIALS AND AMETHODS
The Prymnesium used was derived from an axeniic culture isolated from pond water by Reich and Kahn (1954) . For the present experiments on toxins, the medium of Reich and Rotberg (1958) , which is based on 5 7( (v/v) sea water, was employed. Fifty milliliters of this sterilized medium, contained in 100-ml Erlenmeyer flasks, were inoculated with 5 ml of a 15-day-old culture of Prymnesium, which had been grown in 30 % (v/v) sea water. The flasks were kept for 15 days at 20 C under alternating 12-hr periods of light (from a 40 w fluorescent lamp) and darkness.
Isolation of ichthyotoxin. The cells were separa-ted by centrifugation at 3,400 rev/min for 10 min, and the supernatant used as the source of extracellular toxin. The intracellular toxin was extracted from the cells by methanol (Shilo and Rosenberger, 1960 ) and dried at low pressure and 0 C, to yield a greenish powder. The pigments were removed from this material by resuspension in acetone and centrifugation. During these manipulations, exposure to light was carefully avoided.
Determination of ichthyotoxic activity. The ichthyotoxin was titrated by its lethal effect on Gambusia affinis, employing a series of dilutions (1:0, 1: 1, 1: 3 etc., v/v). For evaluation of the supernatant, sterile culture medium was used as diluent, whereas the purified intracellular toxin was diluted with tap water. To each 50-ml beaker, containing 18 ml of solution, was added 1 ml each of 0. For each experiment, two controls were used: (i) the solution at zero time, and (ii) an aliquot wrapped in black paper and placed in a closed box together with the solution undergoing irradiation. To prevent a rise of temperature above 18 C during illumination, the box was filled with Dry Ice. In all instances, exposuire continued for 90 min.
RESULTS
Photoinactivtation of extracelliular ichthyotoxin. It has been shown earlier that inactivation of the ichthyotoxin in plain culture (uncentrifuged) is achieved by illumination with a fluorescent lamp (Reich and Parnas, 1962) . In the present study, the influence of various regions of the spectruim on the extracellular toxin was studied ( It is evident from Table 2 that inactivation occurs also in the absence of these pigments. This result must be considered in the light of the absorption measurements described below.
Changes in absorption spectrutm of pu7ified intracellular to.xin during photochemical inactivtation. Figures 2 and 3 demonstrate the changes in the absorption spectrum of the pigment-free toxin following irradiation with ultraviolet and visible light. From Fig. 2 it is seen that under ultra- [VOL. 10 238 on September 26, 2017 by guest http://aem.asm.org/ PHOTOINACTIVATION OF ICHTHYOTOXIN OF P. PARVUMI violet irradiation, the general pattern of the absorption spectrum is retained but its intensity is diminished, a fact that suggests a drop in the concentration of the absorbing material. On the other hand, there is no change in the absorption spectrum of the dark control.
Under illumination with visible light, the peak shifts gradually from 260 to 240 mjA (Fig. 3) . Under our experimental conditions, this process is terminated within about 3 hr.
Influence of oxygen and glutathione on the inactivation process. Since Prymnesium cells liberate oxygen in visible light, the rapid photoinactivation in plain cultures may be due to the high concentration of oxygen. To test this hypothesis, the photochemical process was compared in atmospheres of either pure O2 or pure N2. In both instances, inactivation occurred at the same rate. Likewise, the addition of 1 % glutathione had no effect on the velocity of the photochemical process. DISCUSSION Lack of ichthyotoxic activity in irradiated cultures of Prymnesium may be due to any one of the following reasons (i) the photosynthetic activity of the cell suppresses toxin formation, (ii) the toxin is destroyed by the oxygen liberated, or (iii) the toxin is sensitive to light. The present findings support the third alternative, viz. that a direct photochemical process is involved. The fact that neither ,' I" cell pigments nor oxygen nor glutathione exert any influence on the inactivation process in cell-free solutions corroborates this viewpoint. However, the possibility is not excluded that the inactivation of toxin inside the living cells is influenced by metabolic processes. This problem is now under investigation. The inactivation mechanism is apparently different in visible and ultraviolet light, as evidenced by the different shifts in the absorption spectrum of ichthyotoxin under these two conditions. Thus, under ultraviolet illumination only a hypochromic change occurs, whereas under visible light the maximum at 260 m,u undergoes a hypsochromic and hyperchromic shift. Interpretation of these differences is rendered difficult by the fact that pure ichthyotoxin is not yet available. The sensitivity of our purest toxin preparations to a spectral range, including the absorption peak at 260 m,u, makes it improbable that this maximum is due to a contaminant. On the other hand, in the effective range of visible light no definite absorption peak is exhibited by purified ichthyotoxin. In addition, the biological activity is completely destroyed long before the spectral change comes to an end. Further progress in the understanding of this problem must await the isolation of chemically pure toxin.
